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(54) Abstract Title 

Generation of composite images by weighted summation of pixel values of the separate images 

(57) Pixel data are received for two images of different views wherein at least a portion of the first and second 
views overlaps. Preference data identifying the relative preference for utilising pixel data from the first set, and 
difference data indicative of the difference in pixel data between the first set and the second set of pixel data in 
the overlap region of the images are utilised to form a composite image. For each overlap pixel in the 
composite image a composite pixel value is determined by summing the pixel data from the two sets of pixel 
data by applying weighting factors selected on the basis of the preference data and the difference data. The 
invention is described as being utilised in a system for texture rendering a generated three-dimensional 
computer model of objects within images. 
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METHOD AND APPARATUS FOR THE GENERATION OF 
COMPOSITE IMAGES 

The present application concerns a method and apparatus 
for the generation of composite images from multiple 
sources of image data. In particular, the present 
application concerns a method and apparatus for the 
generation of composite images where data indicative of 
the relative preference for utilizing particular sources 
of image data can be obtained. 

Frequently it is desirable to merge one or more images 
into a composite image. For example, a number of 
overlapping views where parts of the same view appear in 
Jirierent images may be combined with one another to 
obtain a single large image . 

It is often possible when combining images to determine 
a particular source image or portion of a source image to 
be preferred for the generation of a particular part of 
a composite image. For example, image data from the 
centre of an image might be preferred due to distortions 
in images which are most noticeable at the edge of an 
image such as arise in images obtained by wide angled 
lenses. Alternatively, where image data of a modelled 
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object is utilized to texture render the computer model 
of the object^ it can be possible to determine the extent 
to which different portions of the surface of a model are 
visible in different images and this information can be 
utilized to select images for generating texture map data 
for texture rendering the model. 

When this can be achieved, composite images can be 
generated by determining for each paxt of a composite 
image to be formed, a preferred image source to generate 
that part of a composite image. Composite images can 
then be generated by combining selected portions of 
different preferred source images. Thus for example in 
the case of images where the use of the centre of jLmages 
is preferable, a composite image corresponding to a 
patchwork of parts of JLmages corresponding to the centres 
of source images might be generated. 

This method has the advantage that the preferred or 
•best' image data is used to generate every part of the 
composite image. However, where a composite image is 
generated in this way, the selection of different images 
for different parts of the composite image can result in 
noticeable boundaries between regions where different 
source images have been used. 
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An alternative approach for generating composite image 
data is to take an average of the available image data 
for areas of overlap weighted by how the different 
sources of image data are to be preferred. By 
calculating an average value for portions of overlap a 
means is provided by which the joins between portions of 
a con^Kssite image obtained from different sources of 
image data can be blended iiito one another. 

The inventors have realised that averaging image data can 
itself generate a number of problems. in particular, 
where the available sets of image data are not perfectly 
aligned, averaging image data can result in the 
generation of • ghost ■ features, rurthermore, where the 
images may have different highlights and shadows, the 
effect of averaging image data tends to remove the 
contrast within the image. As a result, although joins 
are not noticeable in such an averaged image, the image 
tends to lack the realistic texture of the original image 
20 data. 

An alternative method and apparatus for generating 
comE)osite images is therefore required in which 
boundaries between portions of a composite image 
25 generated firom different sets of image data are less 
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notiiceable and ±n which original Image quall-ty Is 
malntialned. 



In accordance with one aspect of the present invention 
there is provided an apparatus for generating composite 
Images comprising: 

receiving means for receiving sets of pixel value 
image data corresponding to an area of overlap of at 
least two images, and preference data indicative of the 
relative preference for utilizing pixel value image data 
from different images for generating portions of an 
overlapping image ; 

means for determining the difference between pixel 
values of image data from different sets of image data 
corresponding to the same portion of an image; and 

means for generating composite image data by 
determining a weighted average of pixel values of image 
data from different sets of image data corresponding to 
the same portion of an overlapping image received by said 
receiving means utilizing weighting factors determined on 
the basis of the difference between pixel values of image 
data determined by said determining means and received 
preference. 

In accordance with the further aspect of the present 
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Invention there is provided a method of generating 
composite image data from a plurality of items of image 
data each comprising a plurality of pixels, said method 
comprising the steps of: 

receiving a plurality of items of image data 
corresponding to the same portion of a composite image to 
be generated;' 

receiving for each pixel of said items of image 
data, confidence data indicative of the relative 
preference for utilizing said pixel to generate said 
composite image data relative to pixels in said other 
items of image data corresponding to the same portion of 
said image to be generated; 

determining for each pixel of said items of image 
<satar difference data indicative of the difference 
between said pixel and pixels in said other items of 
image data corresponding to the same portion of said 
image to be generated; and 

generating composite image data for said composite 
image, wherein data for each pixel in said composite 
image comprises a determined weighted average of pixel 
data for pixels in said plurality of items of image data 
corresponding to said pixel in said composite image, the 
weights utilized to determine said average being selected 
utilizing said difference data and confidence data for 
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said pixels In said plurality of lt.ems of Image data. 



Further aspects and embodiments of the present invention 
will become apparent with reference to the following 
description and drawings in which: - 

Figure 1 is a schematic block diagram of a first 
embodiment of the present Invention; 

Figure 2 is an exemplary illustration of the position an 
orientation of six texture maps bounding an exemplary 
subject object; 

Figure 3 is a schematic block diagram of the surface 
texturer of Figure 1; 

Figure 4 is a flow diagram of the processing of the 
weight determination module of Figure 3; 

Figure 5 is a flow diagram of processing to determine the 
visibility of portions of the surface of an object in 
input images; 

Figure 6 is a flow diagram of the processing of 
visibility scores to ensure relatively smooth variation 
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of the scores; 

Figures 7 and 8 are an exemplary illustration of the 
processing of an area of a model ensuring smooth 
5 variation in scores; 

Figure 9 is a flow diagram of the generation of weight 
function data; 
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Figures lOA and lOB are an illustrative example of a 
selection of triangles for associated visibility scores 
and generated weight function data; 



Figure 11 is a schematic block diagram of a texture map 
~T5 determination module; '■ 
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Figure 12 is a flow diagram of the processing of low 
frequency canonical projections; 

Figure 13 is a flow diagram of the processing of high 
frequency canonical projections; 

Figure 14 is a graph illustrating generated blend 
functions; 
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Figure 15 is a schematic block diagram of a surface 
-textiurer in accordance with a second embodiment of the 
present invention ; 

5 Figure 16 is a flow diagram of the processing of the 

canonical view determination module the surface texturer 
of Figure 15. 

Figure 17 is a schematic illustrative example of the 
10 manner in which two overlapping images may be combined to 

form a composite image; 

Figure 18 is a schematic block diagram of an embodiment 
of the present invention; 

15 

Figure 19 is a schematic illustrative diagram of the 
manner in which confidence in an image might vary with 
respect to position with a single image; 

20 Figure 20 is a schematic illustration of the relative 

confidence in image data of a first image within the 
overlap of the two images in Figure 17 varies in 
accordance with the confidence variations illustrated in 
Figure 19; and 
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Figure 21 is a flow diagram of the processing of an image 
combination module in accordance with this embodiment of 
the present invention. 

5 A first embodiment of will now be described in which a 

number of generated projected images corresponding to the 
same viewpoints are combined to generate composite 
texture map data for texture rendering a 3D computer 
model of object (s) appearing in the images. 

10 

First E mbodiment 

Referring to Figure 1, an embodiment of the invention 
comprises a processing apparatus 2, such as a personal 
^ computer, containing, in a conventional manner, one or 

more processors, memories, graphics cards etc., together 
with a display device 4, such as a conventional personal 
computer monitor, user input devices 6, such as a 
keyboard, mouse etc. and a printer 8. 

20 

The processing apparatus 2 is programmed to operate in 
accordance with programming instructions input, for 
example, as data stored on a data storage medium, such as 
disk 12, and/or as a signal 14 input to the processing 
IS apparatus 2, for example from a remote database, by 
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-transmission over a communica-tion neiiwork (no-b shown) 
such as -the Interne-t or by tiransmission -through t:he 
atmosphere, and/or entered by a user via a user input 
device 6 such as a keyboard. 

As will be described in more detail below, the 
programming instructions comprise instructions to cause 
the processing apparatus 2 to become configured to 
process input data defining a plurality of images of a 
subject object recorded from different view points. The 
input data then is processed to generate data identifying 
the positions and orientations at which the input images 
were recorded. These calculated positions and 

orientations and the image data are then used to generate 
data defining a three-dimensional con^uter model of the 
subject object. 

When programmed by the programming instructions, 
processing apparatus 2 effectively becomes configured 
into a number of functional units for performing 
processing operations. Examples of such functional units 
and their interconnections are shown in Figure 1. The 
units and Interconnections illustrated in Figure 1 are, 
however, notional and are shown for illustration purposes 
only to assist understanding; they do not necessarily 
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represent the exact units and connections into which the 
processor, memory etc. of the processing apparatus 2 
become configured. 

Referring to the functional units shown in Figure 1, a 
central controller 20 processes inputs from the user 
input devices 6, and also provides control and processing 
for the other functional units. Memory 24 is provided 
for use by central controller 20 and the other functional 
units. 



Data store 26 stores input data input to the processing 
apparatus 2 for example as data stored on a storage 
device,- such as disk 28, as a signal 30 transmitted to 
the processing apparatus 2, or using a user input 
device 6. The input data defines a plurality of colour 
images of one or more objects, recorded at different 
positions and orientations. m addition, in this 
embodiment, the input data also includes data defining 
the intrinsic parameters of the camera which recorded the 
images, that is, the aspect ratio, focal length, 
principal point (the point at which the optical axis 
intersects the imaging plane), first order radial 
distortion coefficient, and skew angle (the angle between 
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-the axes on the pixel grid; because the axes may not be 
exactly orthogonal ) . 

The Input data defining the input images may be generated 
for example by downloading pixel data from a digital 
camera which recorded the images, or by scanning 
photographs using a scanner (not shown). The input data 
defining the intrinsic ceunera parameters may be input by 
a user using a user input device 6. 

Position determination module 32 processes the input 
images received by the input data store 26 to determine 
the relative positions and orientations of camera view 
points from which image data of an object represented by 
the image data have been obtained. In this embodiment, 
this is achieved in a conventional manner by identifying 
and matching features present in the input images and 
calculating relative positions of camera views utilising 
these matches. 

Surface modeller 34 processes the data defining the input 
images and the data defining the positions and 
orientations at which the images were recorded to 
generate data defining a 3D computer wire mesh model 
representing the actual surface(s) of the object(s) in 
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the Images. In this embodiment this 3D model defines a 
plurality of triangles representing the surface of the 
subject object modelled. 

5 Surface texturer 36 generates texture data from the input 

image data for rendering onto the surface model produced 
by surface modeller 34. In particular, in this 
embodiment the surface texturer 36 processes the input 
image data to generate six texture maps con^rising six 
10 views of a subject object as viewed from a box bounding 

the subject object • These generated texture maps are 
then utilized to texture render the surf ace model so that 
images of a modelled subject object from any viewpoint 
may be generated. The processing of the surface texturer 
36 to generate these texture maps from the input image 
data will be described in detail later. 

Display processor 40, under the control of central 
controller 20, displays instructions to a user via 

20 display device 4. In addition, under the control of 

central controller 20, display processor 40 also displays 
images of the 3D computer model of the object from a 
user-selected viewpoint by processing the surface model 
data generated by surface modeller 34 and rendering 

25 texture data produced by surface texturer 36 onto the 



surface model. 
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Printer controller 42, under the control of central 
controller 30 causes hard copies of images of the 3D 
computer model of the object selected and displayed on 
the display device 4 to be printed by the printer 8. 

Output data store 44 stores the surface model and texture 
data therefor generated by surface modeller 34 and 
surface texturer 36, Central controller 20 controls the 
output of data from output data store 44, for example as 
data on a storage device, such as disk 46, or as a signal 
48. 

The structure and processing of the surface texturer 3 6 
for generating texture data for rendering onto a surface 
model produced by the surface modeller 34 will now be 
described in detail. 

Canoni cal Texture Maps 

When a plurality of images of a subject object recorded 
from different viewpoints are available, this provides a 
large amount of data about the outward appearance of the 
subject object. Where images are recorded from different 
viewpoints, these images provide varying amounts of data 
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for the different portions of the subject object as those 
portions are visible to a lesser or greater amount within 
the images, in order to create a model of the appearance 
of an object, it is necessary to process these images to 
generate texture data so that a consistent texture model 
of a subject object can be created* 

In this embodiment this is achieved by the surface 
texture 36 which processes the input image data of a 
subject object recorded from different viewpoints in 
order to generate texture data for rendering the surface 
model produced by the surface modeller 34. In this 
embodiment this texture data comprises six texture maps, 
the six texture maps comprising views of subject object 
from -che six races ot a cuboid centred on the subject 
object. 

Figure 2 is an exemplary illustration of the position and 
orientation of six texture maps 50-55 bounding an 
exemplary subject object 56. In this embodiment the six 
texture maps comprise texture maps for six canonical 
views of an object being views of the object from the top 
50, bottom 51, front 52, back 53, left 54 and right 55. 



The six canonical views 50-55 comprise three pairs 
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50, 51; 52, 53; 54, 55 of parallel image planes, centred on 
-the origin of t:he coordinatie sys-tem of -the model, wl-th 
each of the three pairs of image planes aligned along one 
of the three coordinate axes of the coordinate system 
respectively. The relative positions of the viewpoints 
of the canonical views 50-55 are then selected so that 
relative to the size of the model 56 of the subject 
object created by the surface modeller 34, the distance 
away from the object is selected so that the canonical 
views are equally spaced from the centre of the object 
and the extent of an object as viewed from each image 
plane is no more than an threshold number of pixels in 
extent. In this embodiment this threshold is set to be 
512 pixels. Each of the texture maps for the model is 
then defined by a weak perspective projection of the 
subject object 56 onto the defined image planes. 

After image data for each of the six canonical views 50- 
55 has been determined, image data of the model 56 of the 
subject object from any viewpoint can then be generated 
using conventional texture rendering techniques, where 
texture rendering data for each portion of the surface of 
the model 56 is generated utilizing selected portions of 
the canonical views 50-56. 
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By generating texture data for a model of a subject 
object in this way the total number of required texture 
maps is limited to the six canonical views 50-56. 
Furthermore, since each of the canonical views 
5 corresponds to a view of the projection of a real world 

object the canbnical views 50-55 should be representative 
of realistic views of the subject object and hence be 
suited for compression by standard image compression 
algorithms such as JPEG which are optimised for 
10 ccm^ressing real world images. 



As generated images of a model of a subject object may 
obtain texture rendering data from any of the six 
canonical texture maps, it is necessary to generate all 
of tne texture maps in such a way that they are all 
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consistent with one another. Thus in this way where 
different portions of an image of a subject object are 
rendered utilizing texture maps from different views no 
noticeable boundaries arise. As for any 3D object not 
all of the surface of a subject object from all six 
canonical views 50-55 will be visible in any single input 
image, it is necessary for the surface texture 36 to 
combine image data from the plurality of images available 
to generate texture maps for these six consistent views 
25 50-55. 



2S 2732201 

Prior to describing in detail the processing by the 
surface texturer 36 which enables a set of six consistent 
texture maps to be generated from the available input 
images, the structure of the surface texturer 36 in terms 
of notional functional processing units will now be 
described. 

structure of Surface Texturer 

Figure 3 is a schematic block diagram of the surface 
texturer 36 in accordance with this embodiment of the 
present invention. * In this embodiment, the surface 
texturer 3 6 comprises a weight determination module 58 
and a texture map determination module 59. 

In order to select portions of available image data to be 
utilized to generate the six canonical texture maps 50-55 
the surface texture 36 utilizes position data generated 
by the position determination module 32 identifying the 
viewpoints in which data has been obtained and 3D model 
data output by the surface model. This position data and 
3D model data is processed by the weight determination 
module 58 which initially determines the extent to which 
portions of the surface of the subject object being 
modelled are visible in each of the available images. 
The weight determination module 58 then utilizes this 
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determination to generate weight function data 
identifying a relative preference for utilizing the 
available input images for generating texture data for 
each portion of the surface of the model of the subject 
object. 

This weight function data is then passed to the texture 
map determination module 59 which processes the weight 
function data together with the position data generated 
by the position determination module 32, the model data 
generated by the surface modeller 34 and the available 
linage data stored within the input data store 26 to 
generate a set of six consistent texture maps for the 
canonical views 50-55. 



generation of weight PnnTTt -^vn "-^-i 

The processing of the weight determination module 58 
generating weight function data indicative of relative 
preferences for utilizing different input images for 
generating texture data for different portions of a model 
of a subject object will now be described in detail with 
reference to Figures 4-9, lOA and lOB. 
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Figure 4 is a flow diagram of the processing of 
weight determination module 58. 
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Initially -the weight determination module 58 determines 
(S4-1) data indicative of the extent to which each of the 
triangles of the 3D model generated by the surface 
modeller 34 is visible in each of the images in the input 
store 26. 

It is inevitable that for any particular input image, 
some portions of the subject object represented by 
triangles within the three dimensional model generated by 
the surface model 34 will not be visible. However, the 
same triangles may be visible in other images. Realistic 
texture data for each part of the surface of the 3D model 
can therefore only be generated by utilizing the portions 
of different items of image data where corresponding 
portions of the surface of a subject object are visible. 
Thus by determining which triangles are visible within 
each image potential sources of information for 
generating texture map data can be identified. 

Additionally, it is also useful to determine the extent 
to which each triangle is visible in the available 
images. In this way it is possible to select as 
preferred sources of image data for generating portions 
of texture maps, images where particular triangles are 
clearly visible, for example in a close up images, rather 
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than images where a triangle whilst visible is viewed 
only at an acute angle, or from a great distance. 

Figure 5 is a flow diagram illustrating in detail of the 
processing of the weight determination module 58 to 
determine the visibility of triangles in input images, 
utilizing the 3D model data generated by the surface 
modeller 34 and the position data for the input images 
determined by the position determination module 32. 

initially (S5-1) the weight determination module 58 
selects the first view for which position data has been 
generated by the position determination module 32. 

The weight determination modul e 58 then selects (S5-2) ' 
the first triangle of the 3D model generated by the 
surface modeller 34. 

The weight determination module 58 then (S5-3) determines 
a visibility value for the triangle being processed as 
seen from the perspective defined by the position data 
being processed. 

In this embodiment this is achieved by. utilizing 
conventional Open GL calls to render the 3D model 
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generatied by tihe surface modeller 34 as seen from the 
perspective defined by the position data of the image 
being processed. The generated image data is then 
utilized to calculate the visibility value. 

Specifically^ initially all of the triangles of the 3D 
model viewed from the viewpoint defined by the selected 
position data are rendered using a single colour with Z 
buffering enabled. This Z buffer data is then equivalent 
to a depth map. The triangle being processed is then re- 
rendered in a different colour with the Z buffering 
disabled. The selected triangle is then once again re- 
rendered utilizing a third colour with the Z buffering 
re-enabled so as to utilize the depth values already 
present in the Z buffer. When re-rendering the 
glPolygonOf f set OpenGL function call is then utilized to 
•shift the triangle slightly towards the defined camera 
viewpoint defined by the position data to avoid aliasing 
effects * 

A visibility value for the triangle being processed as 
viewed from the viewpoint defined by the currently 
selected position data is then determined by calculating 
the number of pixels in the image rendered in the second 
and third colours. 
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specifically, if there are any pixels corresponding to 
the second colour in the generated image data, tliese are 
parts of the currently selected triangle that are 
occluded by other triangles and hence the selected 
5 triangle is partially hidden from the viewpoint defined 

by the position data. A visibility value for the 
triangle as perceived from the defined viewpoint is then 
set for the triangle where: 

10 Visibility valuer Oif ^opi^^i^mSrd colour 

no pixelsin 2nd or 3rd colour '^^''^^'^ 





no pixels in 3rd colour 


-threshold - 


visibility valuer- 


[no pixels in 2ha or 3rd colour 
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where the threshold is a value in this embodiment set to 
0.75. 



Thus in this way/ where the entirety of a triangle is 
visible within an image a visibility value of one is 
associated with the triangle and position data, where a 
triangle is only slightly occluded by other triangles 
when viewed from the position defined by the position 
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datia being processed, i.e. the fraction of pixels 
rendered in the third colour relative to the total number 
of pixels rendered in either the second or third colour 
is greater than the threshold but less than one, a 
visibility value of less than one is associated with the 
triangle at image position. Where the fraction of pixels 
rendered in the third colour relative to the total is 
less than the threshold value a visibility, value of zero 
is assigned to the triangle as viewed from the position 
defined by the position data. 

The processing of the weight determination module 58 to 
colour a triangle by rendering and a triangle utilizing 
the stored values in the Z buffer as previously described 
enables triangles to be processed even if two small 
adjacent triangles are mapped to the same pixel in the 
selected viewpoint. Specifically, if triangle depths are 
similar for triangles corresponding to the same portion 
of an image, the glPolygonOf f set call has the effect of 
rendering the second colour in the front of other 
triangles the sam& distance from the selected viewpoint. 
Thus when the visibility of the selected triangle is 
determined^ the triangle is only given a lower visibility 
value if it is obscured by other triangles closer to the 
defined viewpoint and not merely obscured by the 
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rendering of triangles at the same distance to the same 
portion of an image. 

After the visibility value for a triangle in the selected 
view has been determined, the weight determination module 
58 then (S5-4) calculates and stores a visibility score 
for the triangle in the selected viewpoint utilizing this 
visibility value. 

By calculating the visibility value in the manner 
described above, a value indicative of the extent to 
which a triangle in a model is or is not occluded from 
the selected viewpoint is determined. other factors, 
however, also effect the e^ent to which use of 
^.-xticuxar portion image data for generating texture data 
may be preferred. Por example, close up i„,ages are 
liable to contain more information about the texture of 
an Object and therefore may be preferable sources for 
generating texture data. a further factor which may 
determine whether a particular image is preferable to use 
for generating texture data is the extent to which a 
portion Of the image is viewed at oblique angle. Thus in 
this embodiment a visibility score for a triangle in a 
View is determined by the weight determination module 58 
utilizing the following equation: 
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visibilityvalue * cosO 

visibilityscore t~ 

distance 



where 0 ±s the angle of incidence of a ray from the 
optical centre of the camera defining the image plane as 
identified by the position data being processed to the 
normal of the centroid of the selected triangle and the 
distance is the distance between the centroid of selected 
triangle and the optical centre of the camera. 

Thus in this way in this embodiment the amount of 
occlusion, the obliqueness of view and the distance 
between image plane and a triangle being modelled all 
effect the visibility score. In alternative embodiments 
either only some of these factors could be utilized or 
alternatively greater weight could be placed on any 
particular factor. 

After a visibility score for a particular triangle as 
perceived from a particular viewpoint has been calculated 
and stored, the weight determination module 58 then (S5- 
5 ) determines whether the triangle for which data has 
just been stored is the last of the triangles identified 
by the model data generated by the surface modeller 34. 
If this is not the case the weight determination module 
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58 then proceeds to select (S5-6) the next triangle of 
the model data generated by the surface modeller 34 and 
then determines a visibility value (S5-3) and calculates 
and stores a visibility score (S5-4) for that next 
triauigle. 

When , the weight determination module 58 determines that 
the triangle for which a visibility score has been stored 
is the last triangle of the 3D model data generated by 
the surface modeller 34, the weight determination module 
58 then (S5-7) determines whether the currently selected 
position data defining the position of an input image 
stored within the input data store 28 is the last of the 
sets of position data generated by the position 
-U»t«xmlnaiii6n-mbauie 32. If this is not the case the 
weight determination module 58 then selects (S5-8) the 
next set of position data to generate and store 
visibility scores for each of the triangles as perceived 
from that new position (S5-2-S5-7). 

Thus in this way the weight determination module 58 
generates and stores visibility scores for all triangles 
as perceived from each of the viewpoints corresponding to 
viewpoints of input image data in the input data store 
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Returning -to Figure 4 after visibility scores have been 
stored for each of the triangles as perceived from each 
of the ceunera views corresponding to position data 
generated by the position determination module 32, the 
weight determination module 58 then (S4-2) proceeds to 
alter the visibility scores for the triangles perceived 
in each view to ensure smooth variation in the scores 
across neighbouring triangles - 

In this embodiment of the present invention the 
visibility scores are utilized to generate weight 
functions indicative of a relative preference for using 
portions of different input images stored within the 
input data store 26 for generating texture rendering 
data. In order that the selection of image data from 
different input images does not result in the creation of 
noticeable boundaries where different input images are 
used to generate the texture data, it is necessary to 
generate weight function data which generates a 
continuous and reasonably smooth weight function so that 
image data from different sources is blended into one 
another- As in this embodiment the triangles forming the 
3D model data can be of significantly different sizes, a 
first stage in generating such a smooth weighting 
function is to average weighting values across areas of 
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the model to account for this variation in triangle 



Le size. 



Figure 6 is a flow diagram of the detailed processing of 
the weight determination module 58 to alter the 
visibility score associated with triangles as perceived 
from a particular viewpoint. The weight determination 
module 58 repeats processing illustrated by Figure 6 for 
each of the sets of visibility score data associated with 
triangles corresponding to each of the views for which 
image data is stored within the input store 26 so that 
visibility score data associated with adjacent triangles 
as perceived from each viewpoint identified by position 
data determined by the position determination module 32 
varies relatively smoothly across the surface of the 
15 - ~ model.' " ' ." — — '-"^ — ■ ■ " " ■ — " ~ ~ — " — " — ■ 
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Initially (S6-1), the weight determination module 58 
selects the first triangle identified by 3D model data 
output from the surface modeller 34. 

The weight determination module 58 then (S6-2) determines 
whether the stored visibility score of the visibility of 
that triangle as perceived from the view being processed 
is set to zero. if this is the case ho modification of 
the visibility score is made (S6-3). This ensures that 
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the visibility scores associated with triangles which 
have been determined to be completely occluded or 
substantially occluded from the viewpoint being processed 
remain associated with a visibility score of zero, and 
hence are not subsequently used to generate texture map 
data . 

If the weight determination module 58 determines (S6-2) 
that the visibility score of the triangle being processed 
is not equal to zero the weight determination module 58 
then (S6-4) determines the surface area of the triangle 
from the 3D vertices using standard methods. The weight 
determination module then (S6-5) determines whether the 
total surface area exceeds the threshold value. In this 
embodiment the threshold value is set to be equal to the 
square of 5% of the length of the bounding box defined by 
the six canonical views 50-55. 

If the weight determination module 58 determines that the 
total surface area does not exceed this threshold the 
weight determination module then (S6-6) selects the 
triangles adjacent to the triangle under consideration, 
being those triangles having 3D model data sharing two 
vertices with the triangle under consideration. The 
weight determination module 58 then calculates (S6-4,S6- 
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5) the total surf ace for the selected triangle and those 
adjacent to the selected triangle to determine once again 
whether the number of pixels the projection of this area 
onto the image plane corresponding to the viewpoint 
against which triangles are being processed exceeds the 
threshold value. This process is repeated until the 
total surface area corresponding to the selected 
triangles exceeds the threshold. 



When the threshold is detezmined to be exceeded, the 
weight determination module 58 then (S6-7) sets as an 
initial revised visibility score for the central 
triangle, where the initial revised score is equal to the 
average visibility score associated with all the 
15- cui\tfe-ntry selected triangles weighted by surfaced 

A threshold value, typically set to 10% of the maximum 
unmodified weight is then subtracted from this revised 
initial visibility score. Any negative values associated 

20 with triangles are then set to zero. This threshold 

causes triangles associated with low weights to be 
associated with a zero visibility score. Errors in 
calculating camera position and hence visibility scores 
might result in low weights being assigned to triangles 

25 where surfaces are not in fact visible. The reduction of 
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Visibility scores in this way ensures that any such 
errors do not introduce subsequent errors in generated 
texture map data. The final revised visibility score for 
the triangle is then stored. 

Figures 7 and 8 are an exemplary illustration of the 
processing of an area of a model in order to revise the 
visibility scores to ensure a smooth variation in scores 
regardless of the size of the triangles. 

Figure 7 is an exemplary illustration of an area of a 
model comprising nine triangles, each triangle associated 
with a visibility score corresponding to the number 
appearing within respective triangles. 

When the triangle corresponding to the central cross 
hatched triangle with a number 1.0 in the centre of the 
Figure 7 is processed initially the area of the triangle 
is determined. If this area is determined to be below 
the threshold value, the adjacent triangles, the shaded 
triangles in Figure 1, are selected and the area 
corresponding to the crossed hatched triangle and the 
shaded triangles is then determined. 

If this value is greater than the threshold value an area 
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weighted average to the triangles is determined after 
subtracting the threshold from this score and setting any 
negative value to zero the final value is stored as the 
revised visibility score for the central triangle. 

5 

Figure 8 is an exemplary illustration of the area of a 
model corresponding to the same area illustrated in 
Figure 7 after all of the visibility scores for the 
triangles have been processed and modified where 
10 necessary. As can be seen by comparing the values 

associated with triangles in Figure 7 and Figure 8, 
wherever a triangle is associated with a zero in Figure 
7 it remains associated with a zero in Figure 8. However 
the variation across the remaining triangle is more 
yiadual than the variation illustrated in Figu"re~7, as 
these new scores correspond to area weighted averages of 
the visibility scores in Figure 7. 

Returning to Figure 6 after a revised visibility score 
has. been determined for a triangle the weight 
determination module 58 then determines (S6-8) whether 
all of the visibility scores for the triangles in a 
model, as seen from a viewpoint have been processed. If 
this is not the case the weight determination module 58 
then (S6-9) selects the next triangle for processing. 
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Thus in this way all of the visibility scores associated 
with triangles are processed so that visibility scores 
gradually vary across the surface of the model and drop 
to zero for all portions of a model which are not 
substantially visible from the viewpoint for which the 
visibility scores have been generated. 

Returning to Figure 4, after the visibility scores for 
all of the triangles in all of the views have been 
amended were necessary to ensure a smooth variation of 
visibility scores across the entirety of the model, the 
weight determination module 58 then (S4-3) calculates 
weight function data for all of the triangles in all of 
the views so that a smooth weight function indicative of 
the visibility of the surface of the model as seen from 
each defined viewpoint can be generated. 

The processing of the weight determination module 58 for 
generating weight function data for a model for a single 
view will now be described in detail with reference to 
Figures 9, lOA and lOB. This processing is then repeated 
for the other views so that weight function data for all 
of the views is generated. 

Figure 9 is a flow diagram of the processing of the 
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weight determination module 58 to generate weight 
function data for the surface of a model defined by 3D 
model data received from the surface modeller 34 for a 
view as defined by one set of position data output by the 
position determination module 32 for which visibility 
scores have been determined and modified. 

initially the weight determination module 58 selects (S9- 
1) the first triangle of the model. The weight: 
determination module 58 then (S9-2) determines for each 
Of the vertices of the selected triangle the minimum 
Visibility score associated with triangles in the model 
Sharing that vertex. These minimum visibility scores are 
then stored as weight function data for the points of the 
model corresp o nding to thbse vertices. " 



The weight determination module 58 then (S9-3) determines 
for each of the edges of the selected triangle the lesser 
visibility score of the currently selected triangle and 
the adjacent triangle which shares that common edge. 
These values are then stored as weight function data 
defining the weight to be associated with the mid point 
of each of the identified edges. 



The weight determination module 58 then (S9-4) stores as 
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weight function data the visibility score associated with 
the currently selected triangle as the weight function to 
be associated with the centroid of the selected triangle. 

By allotting weight function data for the vertices , edges 
and centroids of each of the triangles for the models 
generated by the surface modeller 34, values for the 
entirety of the surface of the model of an object can 
then be determined by interpolating the remaining points 
of the surface of the model as will be described later. 

Figures lOA is an illustrative example of a selection of 
triangles each associated with a visibility score. 

Figure lOB is an excunple of the weight functions 
associated with the vertices, edges and centroid of the 
triangle in Figure lOA associated with a visibility score 
of 0.5. 

As can be seen from Figure lOB the selection of weight 
function data for the vertices and edges of a triangle to 
be such that the weight function is the minimum of scores 
associated with triangles having a common edge or vertex 
ensures that the weight function associated with the edge 
or vertex of triangles adjacent to a triangle with a 
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visibility score of zero are all set: %o zero. 
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By having the centre, edge and vertex of each triangle 
associated with weight function data, a means is provided 
to ensure that weight values subsequently associated with 
the edges of triangles can vary even when the vertices of 
a triangle associated with the same value . Thus for 
example in Figure lOB the central portion of the base of 
the triangle is associated with a value of 0.5 whilst the 
two vertices at the base of the triangle are both 
associated with zero, if a simpler weight function were 
to be utilized and weights associated with positions 
along the edges of a triangle were to be solely 
determined by weights allotted to the vertices, this 
-IS^ — - - variati o n courd'not occur. — ' — — 

Returning to Figure 9 after the weight function data has 
been determined and stored for the vertices, edges and 
centroid of the triangle currently under consideration 
20 the weight determination module 58 then determines (89-5) 

whether the triangle currently under consideration is the 
last of the triangles in the model . generated by the 
surface modeller 34* 
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If this is not the case the next triangle is then 
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selected (S9-6) and weight function data is determined 
and stored for the newly selected triangle (S9-2-S9-4>. 

Thus in this way weight function data for generating a 
weight function that varies smoothly across the surface 
of a modelled object and reduces to zero for all portions 
of a model which are not visible from a viewpoint 
associated with the weight function is generated. 

Returning to Figure 4 after weight function data has been 
determined for each of the camera views corresponding to 
position data generated by the position determination 
module 32 this weight function data is then (S4-4) output 
by the weight determination module 58 to the texture map 
determination module 59 so that the texture map 
determination module 5 9 can utilize the calculated weight 
function dat.a to select portions of jLmage data to be 
utilized to generate texture maps for a generated model. 

Generation of Texture Maps - - 

Utilizing conventional texture rendering techniques, it 
is possible to generate image data corresponding to 
projected images as perceived from each of the canonical 
views 50-55 where the surface of a model of a subject 
object is texture rendered utilizing input image data 
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identified as having been recorded from a camera 
viewpoini: corresponding to position data output by the 
position determination module 32 for that image data. 

5 It is also possible utilizing conventional techniques to 

generate projected images corresponding to the projection 
of the surface of a model texture rendered in accordance 
with calculated weight functions for the surface of the 
model as viewed from each of the canonical views 50-55 
10 from the output weight function data. 



As described above ^ the weight function data generated 
output by the weight determination module 58 are 
calculated so as to be representative of a relative 
visibility of portions of the surface of a model from 
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defined viewpoints. The projected images of the weight 
functions are therefore indicative of relative 
preferences for using the corresponding portions of 
projections of image data from the corresponding 
viewpoints to generating the texture data for the texture 
map for each of the canonical views. These projected 
weight function images, hereinafter referred to as 
canonical confidence images can therefore be utilized to 
select portions of projected image data to blend to 
25 generate output texture maps for canonical views 50-55. 
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Figure 11 is a schematic diagram of notional functional 
modules of the texture map determination module 59 for 
generating canonical texture maps for each of the 
canonical views 50-55 from image data stored within the 
input data store 26, position data output by the position 
determination module 32, 3D model data generated by the 
surface modeller 34 and the weight function data output 
by the weight determination module 58. 

The applicants have appreciated that generation of 
realistic texture for a model of a subject object can be 
achieved by blending images in different ways to average 
global lighting effects whilst maintaining within the 
images high frequency details such as highlights and 
shadows . 

Thus in accordance with this embodiment of the present 
invention the texture generation module 59 comprises a 
low frequency image generation module 60 for extracting 
low frequency image information from image data stored 
within the input data store 26, an image projection 
module 62 for generating high and low frequency canonical 
image projections; a confidence image generation module 
64 for generating canonical confidence images; a weighted 
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average filter 66 and a non-linear averaging filter 68 
for processing high and low frequency canonical 
projections and the canonical confidence images to 
generate blended high and low frequency canonical images; 
and a re-combination of output module 70 for combining 
the high and low frequency images and outputting the 
combined images as texture maps for each of the canonical 
views 50-55. 



In order to generate high and low frequency canonical 
projections of each of the input images stored within the 
input data store 26 projected into each of the six 
canonical views, initially each item of image data in the 
input data store 26 is passed to the low frequency image 
" "generation module 60. " 



This module 60 then generates a set of low frequency 
images by processing the image data for each of the views 
in a conventional way by blurring and sub-sampling each 
image. in this embodiment the blurring operation is 
achieved by performing a Gausian blur operation in which 
the blur radius is selected to be the size of the 
projection of a cube placed at the centre of the object 
bounding box defined by the six canonical views 50-55 and 
Whose sides are 5% of the length of the diagonal of the 
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bounding box. The selection of the blur radius in this 
way ensures that the radius is independent of image 
resolution and varies depending upon whether the image is 
a close up of a subject object (large radius) or the 
subject appears small in the image (small radius). 

These low frequency images are then passed to the image 
projection module 62 together with copies of the original 
image data stored within the input data store 26, 
position data for each of the images as determined by the 
position determination module 32 and 3D model data for 
the model generated by the surface modeller 34. 

For each of the input images from the input data store 26 
the image projection module then utilizes the position 
data associated with the image and the 3D model data 
output by the surface modeller 34 to detexrmine calculated 
projections of the input images as perceived from the six 
canonical views 50-55 by utilizing standard texture 
rendering techniques. 

In the same way the image projection module 62 generates 
for each of low frequency images corresponding to image 
data processed by the low frequency image generation 
module 60, six low frequency canonical projections for 
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the six canonical views 50-55. 
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Six high frequency canonical image projections for each 
image are then determined by the image projection module 
62 by performing a difference operation, subtracting the 
low frequency canonical image projections for an image as 
viewed from a specified canonical view from the 
corresponding image projection of the raw image data for 
that view. 



The low frequency canonical projections and high 
frequency canonical projections of each image for each of 
the six canonical views are then passed to the weighted 
average filter 66 and the non-linear averaging filter 68 
15 processing as "will" be~ detailed later. 



By processing the image data from the input data store 26 
in this way it is possible to ensure that the processing 
of images generates high and low frequency canonical 
projections of each image that are consistent with one 
another. m contrast, if a blurring operation is 
performed upon canonical image projections created from 
image data stored within the input data store 26, as the 
pixel data in these generated projections is normally 
dependent upon different regions of the original image 
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data, the blurring operation will not be consistent 
across all six canonical images and hence will introduce 
errors into the generated texture maps. 

The confidence image generation module 64 is arranged to 
receive 3D model data from the surface modeller 34 and 
weight function data from the weight function 
determination module 58. The confidence image generation 
module 64 then processes the 3D model data and weight 
function data to generate for each of the weight 
functions associated with viewpoints corresponding to the 
viewpoints of each input images in the input data store 
26, a set of six canonical confidence images for the six 
canonical views 50-55. 

Specifically each triangle for which weight function data 
has been stored is first processed by linking the 
midpoint of each edge of the triangle to the midpoints of 
the two other edges and linking each of the midpoints of 
each edge and the centroid of the triangle. Each of 
these defined small triangles, is then projected into the 
six canonical views with values for points corresponding 
to each part of the projection of each small triangle 
being interpolated using a standard OpenGL "smooth 
shading" interpolation from the weight function data 
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associated with the vertices of these small triangles. 



Thus in this way for each of the six canonical views, a 
canonical confidence image for each weight function is 
generated. The pixel values of canonical confidence 
images generated in this way are each representative of 
the relative preference for utilizing corresponding 
portions of canonical projections of image data 
representative of the viewpoint for which the weight 
function was generated to generate texture map data. 
These canonical confidence images are then passed to the 
weighted average filter 66 and the non-linear averaging 
filter 68, so that texture data for the six canonical 
views can be generated utilizing the data identifying 
preferred sources for generating portions of texture map 



data. 



Thus after the processing of image data and weight 
function data by the low frequency image generation 
module 60, the image projection module 62 and the 
confidence image generation module 64, the weighted 
average filter 66 and non-linear averaging filter 68 
receive, for each item of image data stored within the 
input data store 26 a set of six canonical confidence 
images identifying the extent to which portions of 
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projected images derived from a specified image are to be 
preferred to generate texture data and a set of six 
projections of either the high or low frequency images 
corresponding to the item of image data. The weighted 
average filter 66 and the non-linear averaging filter 68 
then proceed to process the confidence images and 
associated low and high frequency canonical projections 
in turn for each of the canonical views as will now be 
described in detail. 



Proqessina of Low FT-Bqii«.ncv Canon f cal Pi-o-^ections 
Figure 12 is a flow diagram of the processing of low 
frequency canonical projections and associated canonical 
confidence images for a specified canonical view for each 
of a set of input images stored within the input data 
store 26. 



Initially (S12-1) the weighted average filter 66 selects 
a first low frequency canonical projection and its 
associated confidence image. This is then made the basis 
of an initial low frequency canonical image to be 
generated by the weighted average filter 66. The 
weighted average filter 66 then selects (S12-2) the next 
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l°w frequency projection for the 

^ canonical view 

together with the proleotlon.. 

i™,e. «3ociated confidence 

- iow frequency canonical i^,e a canonical i^,e 
comprising for each pixel 1„ ■ 
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Where c ie the current confidence score asao ■ 
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" '-^ ™»ce score associated with the pi„l i„ the 
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^ elected projection. 
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« then updated addin, the confidence score for the 
latest projection to processed to the 

confidence score. .hat is to ,a, the """^^ 
score c l- , " confidence 

C.„ IS calculated by the equation 
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c = c 



where Coid is the previous confidence score associated 
with the current pixel and Ci is the confidence score of 
the current pixel in the projection being processed. 

The weighted average filter 66 then (S12-4) determines 
whether the latest selected low frequency canonical 
projection is the last of the low frequency canonical 
projections for the canonical view currently being 
calculated. If this is not the case the weighted average 
filter 66 then proceeds to utilize the determined 
combined image to generate a new combined image utilizing 
the next confidence image and associated low frequency 
image projection (S12-2-S12-4) . 

When the weighted average filter 66 determines (S12-4) 
that the last of the low frequency canonical projections 
for a specified canonical view 50-55 has been processed 
the weighted average filter 66 outputs (812-5) as a 
blended canonical low frequency image the image generated 
utilizing the weighted average of the last projected 
image processed by the average weighted filter 66, 

Thus in this way the weighted average filter 66 enables 
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for each of the canonical views 50-55 a low frequency 
Image to be created combining each of the low frequency 
canonical projections weighted by confidence scores 
indicative of the portions of the Images identified as 
being most representative of the surface texture of a 
model in the canonical confidence images. As the low 
frequency images are representative of average local 
colour of surfaces as effected by global lighting 
effects, this processing by the weighted average filter 
66 enables canonical low frequency images to be generated 
In which these global lighting effects are averaged 
across the best available images where greater weight is 
placed on images in which portions of a model are most 
easily viewed giving the resultant canonical low 
frequency images a realistic appearance and a neutral 
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processing of Hicrh FrPgn^nrv r..n»„,„.-, P r-j-tin,, 
Figure 13 is a flow diagram of the processing of 
canonical confidence unages and associated high frequency 
canonical projections for generating a canonical high 
frequency image for one of the conical views 50-55. 

initially (S13-1) the non-linear averaging filter 68 
selects a first one of the high frequency canonical 
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projections for the canonical view for which a canonical 
high frequency image is to be generated and sets as an 
initial canonical high frequency image an image 
corresponding to the selected first high frequency 
projection. 

The non-linear averaging filter 68 then (S13-2) selects 
the next high frequency canonical projection for that 
canonical view and its associated canonical confidence 
image for processing. 

The first pixel within the canonical high frequency image 
is then selected (S13-3) and the non-linear averaging 
filter 68 then (S13-4) determines for the selected pixel 
in the high frequency canonical image a difference value 
between the pixel in the current high frequency canonical 
image and in the corresponding pixel in the high 
frequency canonical projection being processed. 

In this embodiment, where the high frequency canonical 
projections and canonical high frequency image comprise 
colour data, this difference value may be calculated by 
determining the sum of the differences between 
corresponding values for each of the red, green and blue 
channels for the corresponding pixels in the selected 
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high frequency canonical projection and the canonical 
high frequency image being generated. 



Alternatively, where the image being processed comprises 
grey scale data, this difference value could be 
determined by calculating the difference between the 
pixel in the canonical high frequency image and the 
corresponding pixel in the high frequency canonical 
projection being processed. 

It will be appreciated that more generally in further 
embodiments of the Invention where colour data is being 
processed any suitable function of the red, green and 
blue channel values for corresponding pixels in the high 
frequency canonical projection being processed and the 
canonical high frequency image being generated could be 
utilized to generate a difference value for a pixel. 

After the difference value for the pixel being processed 
has been determined, the non-linear averaging filter 68 
then (S13-5) determines a blend function for the selected 
pixel from the confidence scores associated with the 
pixel and the determined difference value for the pixel. 

in this embodiment this blend function is initially 
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determined by selecting a gradient G in dependence upon 
the determined difference value for the pixel. 
Specifically^ in this embodiment the value G is 
calculated by setting 

G=-^forD>D„ 
G = JforD<Da 



where D is the determined difference value for the pixel 
and Do is a blend constant fixing the extent to which 
weighting factors are varied due to detected differences 
between images. In this embodiment where the difference 
values D are calculated from colour image data for three 
colour channels each varying from 0 to 255^ the value of 
Do is set to be 60. 

An initial weighting fraction for calculating a weighted 
average between the pixel being processed in the current 
canonical high frequency image and the corresponding 
pixel in the high frequency canonical projection being 
processed is then set by calculating: 
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K = r-^^-0.5JG+0.5 



Where c,/(c -h c,) is the relative confidence score 
associated with the pixel being processed i„ the 
confidence image associated with the selected high 
frequency canonical projection being the ratio of the 
confidence score c, associated with the pixel in the 
current image being processed to the confidence score 
associated with the pixel by the canonical image and G is 
l:he gradient determined utilizing the determined 
difference value D for the pixel . 

A final weighting fraction is then determined by setting 
the weighting value W with: 

W=OifW^<0 
W=lifW„>l;and 



Figure 14 is a graph of a generated blend function 
illustrating the manner in which the final weighting 
value W calculated in this way varies in dependence upon 
the relative confidence score c,/(C -H c,) for a pixel 
being processed and the determined difference value D for 
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tihe pixel. 

In the graph as illustrated, solid line 72 indicates a 
graph for calculating W for weighting values where D is 
equal to a high value, for example in this embodiment 
where D ranges between 0 and 765 a value of over 700. As 
such the graph indicates that where the relative 
confidence score for a particular source is low a 
weighting value of zero is selected and for high pixel 
confidence scores, a weighting factor of one is selected. 
For intermediate pixel confidence scores an intermediate 
weighting factor is determined, the weighting factor 
increasing as the confidence score increases. 

The dotted line 74 in Figure 14 is an illustration of the 
blend function where the calculated value D for the 
difference between the image data of the first and second 
images for a pixel is less than or equal to the blend 
constant Do- In this case the blend function comprises 
a function which sets a weighting value equal to the 
pixel relative confidence score for the pixel. 

For intermediate values of D, the blend function varies 
between the solid line 72 and the dotted line 74 with the 
thresholds below which or above which a weighting value 
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of zero or one is output reducing and increasing as D 
decreases. Thus as D decreases the proportion of 
relative confidence scores for which a weighting value 
other than zero, or one is output increases. 

Returning to Figure 13, after a final weighting value W 
has been determined the non-linear averaging filter 68 

then proceeds to calculate and store blended pixel data 
(S13-6) for the pixel under consideration. m this 

en^odiment, where the image data comprises colour image 

data, the calculated blended pixel data is determined for 

each of the three colour channels by: 



New pixel Value = W 



pixel valuein 
selected image 



+ (I-WJ* 



pixel valuein 
canonical image 



The confidence value associated with the blended pixel is 
then also updated by selecting and storing as a new 
confidence score for the pixel the greater of the current 
confidence score associated with the pixel i„ the 
canonical image and the confidence score of the pixel in 
the projection being processed. 



The effect of calculating the pixel data for pixels in 
the high frequency canonical image in this way is to make 
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the pixel datia dependent upon both the difference data 
and the confidence data associated with the processed 
pixel in the selected high frequency canonical 
projection. Specifically^ where the difference data for 
a pixel is low (i.e. less than or equal to the blend 
constant Dq) calculated pixel data corresponding to a 
weighted average proportional to the relative confidence 
score for the pixel in the associated canonical image is 
utilized. Where difference data is higher (i.e. greater 
than the blend constant Do) a pair of threshold values 
are set based upon the actual value of the difference 
data. Pixel data is then generated in two different ways 
depending upon the relative confidence score for the 
pixel in the associated canonical image. If the relative 
confidence score is above or below these threshold values 
either only the original pixel data for the canonical 
image or the pixel data for the selected high frequency 
canonical projection is utilized as a composite image 
data. If the relative confidence score is between the 
threshold values a weighted average of the original pixel 
data and pixel data from the selected projection is 
utilized. 

After the generated pixel data has been stored, the non- 
linear averaging filter 68 then determines (S13-7) 
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Whether the pixel currently under consideration is the 
last of the pixels in the canonical image. if this not 
the case the non-linear averaging filter then (S13-8) 
selects the next pixel and repeats the determination of 
a difference value (S13-4) a blend function (S13-5) and 
the calculation and storage of pixel data (S13-6) for the 
next pixel. 

If after generated pixel data and a revised confidence 
score has been stored for a pixel the non-linear 
averaging filter 68 determines (S13-7) that blended pixel 
data has been stored for all of the pixels of the high 
frequency canonical image, the non-linear averaging 
filter 68 then determines (S13-9) whether the selected 
high frequency canonical projection and associated 
confidence image is the last high frequency canonical 
projection and confidence image to be processed. If this 
is not the case the next high frequency canonical 
projection is selected (S13-2) and the canonical high 
frequency image is updated utilizing this newly selected 
projection (S13-3-S13-9) , and its associated confidence 
image. 

When the non-linear averaging filter 68 determines that 
the latest high frequency canonical projection utilized 
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to Update a canonical high frequency image is the last of 
the high frequency canonical projections, the non-linear 
averaging filter 68 then (S13-10) outputs as a high 
frequency image for the canonical view 50-55 the high 
frequency canonical image updated by the final high 
frequency projection. 

The applicants have realized that the undesirable effects 
of generating composite image data by determining a 
weighted average of pixels from high frequency image data 
including data representative of details arise in areas 
of images where different items of source data differ 
significantly. Thus for example, where highlights occur 
in one source image at one point but not at the same 
point in another source image, averaging across the 
images results in a loss of contrast for the highlight. 
If the highlights in the two images occur at different 
points within the two source images, averaging can also 
result in the generation of a 'ghost' highlight in 
another portion of the composite image. Similarly^ where 
different items of source data differ significantly other 
undesirable effects occur at points of shadow, where an 
averaging operation tends to cause an image to appear 
uniformly lit and therefore appear flat. 
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in contrast to areas of difference between source images, 
where corresponding points within different source images 
have a similar appearance, an averaging operation does 
not degrade apparent iniage quality. Performing an 
averaging across such areas of composite image, therefore 
provides a means by which the relative weight attached to 
different sources of image data can be varied so that the 
boundaries between areas of a composite image obtained 
from different source images can be made less distinct. 

Thus in accordance with this embodiment of the present 
invention weighting factors are selected on the basis of 
both confidence data and difference data for a pixel so 
that, relative to weighting factors proportional to 
confidence data only as occurs in the weighted average 
filter 66, in the non-linear averaging filter 68, where 
determined differences between the source images are 
higher, the weighting given to preferred source data is 
increased and the corresponding weighting given to less 
preferred data is decreased. 

Thus, where both confidence data and difference data are 
high, a greater weight is given to a particular source or 
alternatively only the preferred source data is utilized 
to generate composite image data. As these areas 
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correspond to areas of detail and highlights or shadow in 
the high frequency images the detail and contrast in the 
resultant generated data is maintained. 

In areas where there is less difference between different 
sources of image data, weighting values proportional to 
confidence data are not modified at all or only slightly 
so that the boundaries between portions of image data 
generated from different images are minimised across 
those areas. Thus in this way composite image data can 
be obtained which maintains the level of contrast and 
detail in original high frequency source data, whilst 
minimising apparent boundaries between portions of 
composite image generated from different items of source 
data. 

Thus in this way six low frequency canonical images for 
the six canonical views 50-55 and six high frequency 
canonical images are generated by the weighted average 
filter 66 and the non-linear averaging filter 68 
respectively. In the canonical low frequency images the 
global lighting effects are averaged across the available 
low frequency canonical projections in proportion to the 
relative preference for utilizing portions of an image as 
identified by the canonical confidence images associated 
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with the projections. m the high frequency canonical 
images, high frequency canonical projections are blended 
in the above described manner to ensure that high 
frequency detail and contrast in the canonical images is 
maintained when the different high frequency canonical 
projections are coaibined. 

When the six canonical low frequency images and six 
canonical high frequency images are then received by the 
recombination output module 70 for each canonical view 
50-55 the recombination and output module 70 generates a 
single canonical texture map by adding the high and low 
frequency images for each view. The combined canonical 
texture maps are then output by the recombination and 
output module 70 for storage in the output data store 44 
together with the 3D model data generated by the surface 
module 34. 

The output canonical texture maps can then be utilized to 
texture render image representations of the model 
generated by the surface modeller 34 by associating each 
of the triangles identified by the three-dimensional 
model data with one of the texture maps. m this 
embodiment the selection of texture data to texture 
render each triangle is determined by selecting as the 
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map to be u-tlllzed the map in which the triangle has the 
greatest visibility score in which the visibility score 
is calculated for each canonical view 50-55 in the same 
way as has previously been described in relation to 
Figure 5 . Texture co-ordinates for texture rendering the 
model generated by the surface modeller 34 are then 
implicitly defined by the projection of the triangle onto 
the selected canonical view 50-55. 

Images of the model of the subject object can then be 
obtained for any viewpoint utilizing the output canonical 
texture maps and the 3D model data stored in the output 
data store 44, for display on the display device 4 and a 
hard copies of the generated images can be made utilizing 
the printer. The model data and texture map stored in 
the output data store 44 can also be output as data onto 
a storage device 46,48. 

Second Embodiment 

In the first embodiment of the present invention, an 
image processing apparatus was described in which input 
data defining a plurality of images of a subject object 
recorded from different viewpoints were processed to 
generate texture data comprising six canonical texture 
maps being views for a cuboid bounding a model of the 
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subject Object. Although generating texture maps In this 
way ensures that the total number of required view is 
limited to six, this does not guarantee that every 
triangle within the model is visible in at least one of 
the canonical views. As a result, some portions of a 
model may be texture rendered utilizing surface 
information corresponding to a different portion of the 
surface of the model. i„ this embodiment of the present 
invention an image processing apparatus is described in 
Which texture data is generated to ensure that all 
triangles within a 3D model are rendered utilizing 
texture data for the corresponding portion of the surface 
of a subject object, if image data representative of the 
corresponding portion of the subject object is available. 

The image processing apparatus in accordance with this 
embodiment of the present invention is identical to that 
of the previous embodiment except the surface texturer 36 
is replaced with a modified surface texturer 80. 

Figure 15 is a schematic block diagram of the notional 
functional modules of the modified surface texturer 
module 80. The modified surface texturer 80 comprises a 
canonical view determination module 82; a weight 
determination module 58 identical to the weight 
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de-tenninatiion module 58 of the surface tex-turer 36 of the 
previous embodiment. and a modified texture map 
determination module 86. 

In this embodiment the canonical view determination 
module 82 is arranged to determine from the 3D model data 
output by the surface modeller 34 whether any portions of 
the surface of the 3D model are not visible from the six 
Initial canonical views. If this is determined to be the 
case the canonical view determination module 82 proceeds 
to define further sets of canonical views for storing 
texture data for these triangles. These view definitions 
are then passed to the texture map determination module 
86. The modified texture map determination module 86 
then generates canonical texture map data for the initial 
canonical views and these additional canonical views 
which are then utilized to texture render the surface of 
the model generated by the surface modeller 34. 

The processing of the canonical view determination module 
82 in accordance with this enibodiment of the present 
invention will now be described with reference to Figure 
16 which is a flow diagram of the processing of the 
canonical view determination module 82 . 
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initially (S16-1, the canonical view determination module 
82 selects a first triangle of the model generated by the 
surface modeller 34. The canonical view determinatZ 
module 82 then (S16-2) generates a visibility value and 
Visibility score for the triangle as perceived from each 
Of the six canonical views in a similar manner to which 
t:he Visibility value is generated by a weight 
determination module 58 as has previously been described 
in. relation to the previous embodiment. 

The canonical view determination module 82 then (S16-3) 
determines whether the visibility value associated with 
the triangle being processed is greater than a threshold 
value indicating that the triangle is at least 
substantially visible in at least one of the views, m 
this embodiment this threshold value is set to zero so 
that all triangles which are at least 75% visible in one 
Of the views are identified as being substantially 
Visible. 

If the canonical view determination module 82 determines 
that the triangle being processed is visible i.e. has a 
Visibility value of greater than zero in at least one 
View, the canonical view determination module selects 
from the available canonical, views the view in which the 
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great:esl: visibility score as generated in the manner 
previously described is associated with the triangle. 
Data identifying the canonical view in which the selected 
triangle is most visible is then stored. Thus in this 
way data identifying the canonical view in which texture 
data for rendering the triangle is subsequently to be 
utilized is generated. 

The canonical view determination module 82 then (S16-5) 
determines whether the currently selected triangle 
corresponds to the last triangle of the 3D model 
generated by the surface modeller 34. If this is not the 
case the canonical view determination module 82 then 
proceeds to select the next triangle and determine 
visibility values and visibility scores for that next 
triangle (S16-6-S16-5 ) . 

When the canonical view determination module 82' 
determines that all of the triangles have been processed 
(S16-5) the canonical view determination module 82 then 
(S16-7) determines whether data identifying a best view 
has been stored for all of the triangles . 

If this is not the case the canonical view determination 
module 82 generates and stores a list of triangles for 
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which no best view data has been stored ,si6-8) the 
canonical view determination module 82 then proceeds to 
establish the visibility of these remaining triangles in 
the six canonical views in the absence of the triangles 
for which best view data has already been stored (16-1- 
S16-7). This process is then repeated until best view 
data is stored for all of the triangles. 

When the canonical view- determination module 82 
determines (S16-7) that best view data has been stored 
for all the triangles the canonical view determination 
module 82 then outputs (S16-9, view definition data 
comprising for each triangle the canonical view in which 
it is most visible together with the generated lists of 
the triangles not visible canonical views. These lists 
and identified views in which the triangles are best 
represented are then output and passed to the modified 
texture map determination module 86. 

When the modified texture map determination module 86 
processes the 3D model data, weight function data, image 
data and position data this generates the six original 
canonical views in the same manner as has been described 
in relation to the first embodiment. 
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However, additiionally the texture map determination 
module 86 generates for the triangles not visible in the 
original six canonical views as identified by the lists 
output by the canonical view determination module 82 
further texture maps corresponding to the projection of 
the triangles identified by the lists of triangles 
generated by the canonical view determination module 82 
in the six canonical views in the absence of the other 
triangles. These additional canonical views are 
generated from the high and low frequency canonical 
projections of image data generated by the image 
projection module 62 of the modified texture map 
determination module 86 and additional canonical 
confidence jLmages being canonical projections of only the 
triangles identified by the lists of triangles output by 
the canonical view determination module 82. These 
additional confidence images being calculated for the 
triangles identified in the lists utilizing the weight 
function data generated by the weight determination 
module 58 in the same way as has previously been 
described in relation to the first embodiment. 

Thus in this way additional texture maps are generated 
for those portions of the surface of the model which are 
not apparent in the original six canonical views. As 
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these partial additional texture maps are generated in a 
similar way to the main canonical views they should also 
be representative of projections of portions of an image 
and hence suitable for compression utilizing the standard 
iniage con^ression techniques. 

The original canonical views together with these 
additional canonical views can then be utilized to 
texture render the model where the texture maps utilized 
to render each triangle is selected utilizing the lists 
and the data identifying the best views as are output by 
the canonical view determination module 82. 

Third Kmbodiinof|<- 

in the previous two embodiments, apparatus has been 
described in which a number of images comprising 
projections of the same view are combined to form 
composite texture map data. A third embodiment will now 
be described in which processing similar to the non- 
linear averaging filter 68 is utilized to combine two 
overlapping images to generate a composite image. 

Figure 17 is a schematic illustrative example of the 
manner in which two overlapping images may be combined to 
form a composite image. m the example illustrated a 
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first: Image 101 and a second image 102 are shown in which 
lihe second image is displaced downwards and -to t:he righ-t 
relative to the first image. The combined image provides 
a field of view which is greater than both the first 
image 101 and second image 102. Between the first image 
101 and the second image 102 there is an area of overlap 
103 indicated by cross-hatching in the figure. If a 
composite image is to be generated, as image data is 
available for the area of overlap 103 from both the first 
image 101 and the second image 102, both sets of image 
data for the area of overlap can be processed to 
determine suitable image data to represent the area of 
overlap 103. 

Apparatus for generating con^osite image data in 
accordance with this embodiment of the present invention 
will now be described, with reference to Figures 18 to 
21- 

Figure 18 is a schematic block diagram of a third 
embodiment of the present invention. In this embodiment, 
the apparatus comprises an overlap deteirmination module 
110, that is connected to both a confidence image 
generation module 112 and a lighting adjustment module 
114. The lighting adjustment module 114 is itself 
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connected to a difference determination module 116 and an 
image combination module 120. The image combination 
module 120, in addition to being arranged to output a 
composite image and being connected to the lighting 
adjustment module 114 is also connected to both the 
confidence image generation module 112 and difference 
determination module 16. 

in accordance with this embodiment of the present 
invention, a pair of colour images 101,102 is processed 
to determine for an area of overlap 103 preference data 
for weighting the selection of image data from the source 
images and difference data identifying the extent to 
Which the images vary in the area of overlap after 
accounting for variations in lighting. The preference 
data, difference data and lighting adjusted image data 
are then processed by the image combination module 120 to 
generate a composite image. 

The processing of this embodiment of the present 
invention in detail will now be explained. 

Initially, image data comprising colour image data 
identifying red, green and blue values each ranging 
between 0 and 255 for pixels in a pair of overlapping 
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colour Images 101,102 are received by the overlap 
determination module 110. The overlap determination 
module 110 then determines the relative positions and 
orientations of the overlapping images 101,102 utilizing 
conventional feature matching techniques. When the 
relative positions and orientations of the overlapping 
images 101,102 have been determined this causes the 
overlap determination module 110 to output alignment data 
indicating the pixel coordinates of pixels in the images 
which correspond to one other in the area of overlap to 
the confidence image generation module 112. The 
confidence image generation module 112 then calculates 
for the area of overlap 103 which of the first 101 and 
second 103 images are to be preferred for each portion of 
the area of overlap 103. 

In this embodiment the composite image generation 
apparatus is arranged to prefer as source data, image 
data representing portions of an image closer to the 
centre of a source image 101,102 in preference to data 
obtained from the edge of a source image 101,102. This 
preferred selection of data from the centre of an image 
ensures that no noticeable boundary results from the 
processing of the area of overlap. This is because the 
selection ensures that at the boundary of the area of 
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overlap data corresponding to the source image which 
extends beyond that boundary, is utilized. i„ this 
• embodiment of the present invention the preference is 
achieved by associating the pixels in each image with a 
first confidence value based upon the position of the 
pixel Within the image utilizing a stored set of 
confidence data stored within the confidence image 
generation module 102. 

Figure 14 is an illustrative example of the manner in 
Which an initial confidence score is associated with each 
Pixel, within an image, m this example where the images 
101,102 each comprise a rectangular image the confidence 
score comprises a concentric series of contours where the 
innermost point has associated with it an initial 
confidence score of l and the outer countours have 
decreasing confidence scores until at the edge of the 
image a confidence score of zero is assigned. 

More generally, where it is possible to define a 
preference for utilizing portions of an image in advance, 
any suitable confidence score could be associated with 
received images. The exact origin of the measure of 
preference used is not important provided the values vary 
in a sensible way being high where the pixel values of an 
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image are considered trustworthy and low where pixel 
values may be unreliable. 



A confidence image being a set of data for each pixel 
within the area of overlap 103 identifying the relative 
preference for utilizing either image data from the first 
image 101 or the second image 102 is then generated, in 
this embodiment this confidence image is generated by 
determining for each pixel within the area of overlap the 
ratio of the initial confidence score for the pixel 
within the first image to the sum of the confidence 
scores for the first and second image. That is to say a 
value P for the extent to which the first image 101 is a 
preferred source for image data within the area available 
at 103 is calculated by determining for each pixel within 
the area of overlap a value P: 



where P^ and P2 are confidence scores associated with the 
position of the pixel within the first 101 and the second 
102 respectively. 

Thus in the case of the area of overlap 103 illustrated 
in Figure 17 where initial confidence scores are arranged 
as a set of contours as illustrated in Figure 19 a 
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generated confidence image comprising data identifying 
preference for utilizing image data from the first, image 
101 would be generated which could be illustrated as 
shown in Figure 20. This figure illustrates the manner 
in which areas of similar preference are arranged, where 
1.0 indicates a high preference for utilizing data from 
the first image loi and zero indicates a low preference 
for using data from the first image 101. when the 
confidence image data for the entire area of overlap has 
been determined this confidence image is then passed to 
the image combination module 120 in order that a combined 
composite image may be generated. 

Returning to Figure 18, in addition to passing alignment 
data to the confidence image generation module 112 so 
that confidence image data for the area of overlap 113 
can be determined the overlap determination module 110 
also causes the raw image data received to be passed to 
lighting adjustment module 114 together with data 
identifying which areas of the raw images correspond to 
the area of overlap 113. The lighting adjustment module 
114 then alters the raw image data to make an allowance 
for any variation in overall colour across the area of 
overlap .113. 
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Specifically, in order to de-bermine how the raw image 
data requires to be amended, the lighting adjustment 
module 114 initially determines average colour values for 
the image data of the first image 101 corresponding to 
the portion of overlap 103 between the first image 101 
and the second image 102. In this embodiment, the 
average colour values for the area of overlap are 
determined by calculating the average values of each of 
the red, green and blue channels for each of the pixels 
corresponding to pixels within the area of overlap 103. 
The lighting adjustment module 114 then determines 
corresponding average red, green and blue values for the 
portion of the second image 102 corresponding to the area 
overlap 103. 

Since the image data for the area of overlap 103 in both 
images is meant to represent the same view, difference in 
average colour between these areas is largely indicative 
of different lighting conditions in the two images 
101,102. To remove the effect of possible changes in 
lighting conditions between the two images 101,102 the 
lighting adjustment module 114 then calculates colour 
off-sets required for the first 101 and second 102 images 
for each of the red, green and blue channels which cause 
the average colour values in the area of overlap 103 in 
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In this embodiment the colour off-sets for the first 
image is set for each of the red, green and blue channel 



as: 



and the colour offset for the second image is set for 
each channel as: 

where Colour, and Colour, are the determined average 
value for that colour channel for the area of overlap in 
the first and second images respectively. 

These six colour off-set values are then added to the 
colour values for pixels i„ entirety of the images to 
Which they apply to generate a pair of colour adjusted 
images to be used to generate a composite image, image 
data for the adjusted images is then passed together with 
data identifying the area of overlap to the difference 
determination module 116 and to the image combination 
module 120 • 
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When the difference del:erm±nat.lon module 116 receives 
image data for the colour adjusted images adjusted by the 
lighting adjustment module 114 the difference 
determination module 116 calculates for the identified 
area of overlap 103 the extent to which each pixel in the 
first adjusted image 101 differs from the corresponding 
pixel of the second adjusted image 102. These difference 
values are calculated in the same way in which difference 
values are calculated as has been described in relation 
to the first embodiment ^ and output as a difference image 
to the image combination module 120. 

Where these difference values are low, this is indicative 
of the first and second images appearing to be similar 
for that part of image overlap 103. Where the difference 
data for a part of the area of overlap 103 is high, this 
indicates for those pixels the corresponding pixels in 
the first and second images differ from one another. 

At this stage after the processing of the confidence 
image generation module 112, the lighting adjustment 
module 114 and the difference determination module 116, 
the image combination module 120 has stored within it, 
firstly, a confidence image being data indicating for 
each pixel within the area of overlap 103 preference data 
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identifying the extent to which either the first 101 or 
second 102 image is a preferred source of data for 
generating image data for that particular portion of area 
of overlap 103; secondly, a difference image being data 
indicative of the way in which the data available from 
the first image 101 and the second image 102 for the area 
of overlap 3 differs from one einother, and thirdly, 
adjusted image data being raw image data adjusted to 
account for changes in lighting between the first and 
second images 101,102. The image combination module 120 
the image combination module 120 then proceeds to 
generate image data for the area of overlap 103 pixel by 
pixel, utilizing this data. 

Figure 21 is a flow diagram of the processing of the 
image combination module 120 in accordance with this 
embodiment of the present invention. Initially (S21-1) 
the image combination module selects the first pixel in 
the area of overlap 103. The image combination module 20 
then (S21-2) determines a blend function to select a 
weighting value for calculating a weighted average of the 
sum of the colour pixel values for the pixel from the 
image data of the first and second images. This 
embodiment this blend function is determined by utilizing 
the pixel values difference image and the confidence 
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image received by the image combination module 120 in a 
similar way to the selection of a blend function 
utilizing confidence images and calculated different 
values as has been described in relation to the first 
embodiment . 

After a final weighting value W utilizing the determined 
blend function has been determined the image combination 
module 120 then proceeds to calculate and store blended 
pixel data (S21-3) for the pixel under consideration in 
the same way as has been described in the first 
embodiment . 

After the generated pixel data has been stored, the image 
combination module 120 then determines (S21-4) whether 
the pixel currently under consideration is the last of 
the pixels in the area of overlap 103. If this not the 
case the image combination module 12 0 then (S21-5) 
selects the next pixel and repeats the determination of 
a blend function (S21-2) and the calculation and storage 
of pixel data (S21-3) for the next pixel. 

If after generated pixel data has been stored for a pixel 
the image combination module determines (S21-4) that 
blended to pixel data has been stored for all of the 
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pixels within the area of overlap 3 the image conibination 
module 120 outputs (S21-6) combined image data comprising 
for the area of overlap the stored blended pixel data and 
for the other areas of image, image data from the first 
and second colour adjusted image. The processing of the 
image combination module 120 then ends. 

Although the embodiments of the invention described with 
reference to the drawings comprise computer apparatus and 
processes performed in computer apparatus, the invention 
also extends to computer programs, particularly computer 
programs on or in a carrier, adapted for putting the 
invention into practice. The program may be in the form 
of source or object code or in any other form suitable 
for use in the implementation of the processes according 
to the invention. The carrier be any entity or device 
capable of carrying the program. 

For example, the carrier may comprise a storage medium, 
such as a ROM, for example a CD ROM or a semiconductor 
ROM, or a magnetic recording medium, for example a floppy 
disc or hard disk. Further, the carrier may be a 
transmissible carrier such as an electrical or optical 
signal which may be conveyed via electrical or optical 
cable or by radio or other means. 
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When a program is embodied in a signal which may be 
conveyed directly by a cable or other device or means, 
the carrier may be constituted by such cable or other 
device or means. 

Alternatively, the carrier may be an integrated circuit 
in which the program is embedded, the integrated circuit 
being adapted for performing, or for use in the 
performance of, the relevant processes. 
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1. A method of generating composite image data from a 
pair of sets of pixel image data for a pair of 
overlapping views comprising the steps of: 

receiving a first set of pixel data for a first 
view; and a second set of pixel data for a second view 
wherein at least a portion of said first and second views 
overlap; 

receiving preference data identifying a relative 
preference for utilizing pixel data from said first set 
of pixel data to generate composite image data for said 
area of overlap; 

receiving difference data indicative of the 
difference in pixel data between received pixel data from 
said first and second sets of pixel data corresponding to 
the same portion of said area of overlap; and 

generating composite image data by calculating for 
each pixel corresponding to said area of overlap the sum 
of received first and second pixel data for said pixel in 
3aid area of overlap weighted by weighting factors 
selected on the basis of said preference data and said 
difference data. 

2. A method in accordance with claim 1, wherein said 
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selection of weighting factors comprises selecting 
weighting factors such that said weighted sum comprises 
a value corresponding to a weighted sum of said first and 
second items of image data for said pixel weighted in 
proportion to relative preferences identified by said 
preference data for said pixel if said difference data is 
below a threshold value. 

3. A method in accordance with claim 2, wherein said 
selection of weighting factors comprises selecting 
weighting factors such that said weighted sum comprises 
a value corresponding to the preferred item of pixel 
image data as identified by said preference data if said 
difference data is above said threshold and said 
preference data is either greater than a first value or 
less than a second value, where in said first and second 
values are selected on the basis of said difference data. 

4. A method in accordance with claim 3, wherein said 
selection of weighting factors comprises selecting 
weighting factors proportional to a product of said 
difference data and values proportional to the 
preferences identified by said preference data if said 
difference data is above said threshold value and said 
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preference data is less than said first value and 
than said second value. 



5. A method in accordance with claim 3 or claim 4, 
wherein said first and second values comprise values 
selected so that the difference between said values is 
proportional to said difference data. 

6. A method in accordance with any preceding claim, 
further comprising the step of calculating difference 
data indicative of the differences in pixel data between 
received pixel data from said first and second sets of 
pixel data each corresponding to said area of overlap. 

7. A method in accordance with claim 6, wherein said 
first and second items of image data comprise colour 
pixel data and said calculation of difference data 
comprises calculating the sum of the modulus of 
differences between data identifying values for different 
colour channels for said first and second sets of pixel 
data. 

8. A method in accordance with any preceding claim, 
further comprising the step of calculating data 
identifying a relative preference for utilizing pixel 
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da-ka from said flrs-t set: of pixel datia to genera-te 
composltie Image data. 

9. A method In accordance with claim 8, wherein said 
calculation of preference data is calculated where the 
relative preference for utilizing pixel data from said 

first set of pixel data corresponding to adjacent 
portions of an image are approximately equal. 

10. A method in accordance with claim 8 or claim 9, 
wherein said calculation of preference data comprises 
calculating preference data on the basis of structural 
information about objects appearing in image data from 
difference image sources. 

11. A method in accordance with claim 8 or claim 9, 
wherein said calculation of preference data comprises 
calculating preference data for a pixel from said first 
set of pixel data on the basis of the relative position 
of the portion of an image represented by said pixel 
relative to the centre of said image. 

12. A method in accordance with any preceding claim^ 
further comprising the steps of: 

determining average pixel data within said sets of 
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pixel data corresponding to said areas of overlap; and 

modifying said sets of pixel data so that the 
determined average pixel data for different sets of pixel 
data representative of an area of overlap are equal to 
said determined average. 

13. An apparatus for generating composite image data 
from a pair of sets of pixel image data for a pair of 
overlapping views comprising: 

means for receiving a first set of pixel data for a 
first view and a second set of pixel data for a second 
view wherein at least a portion of said first and second 
views overlap; 

means for receiving preference data identifying a 
relative preference for utilizing pixel data from said 
first set of pixel data to generate composite image data 
for said area of overlap; 

means for receiving difference data indicative of 
the difference in pixel data between received pixel data 
from said first and second sets of pixel data 
corresponding to the same portion of said area of 
overlap; and 

means for generating composite image data by 
calculating for each pixel corresponding to said area of 
overlap the sum of received first and second pixel data 
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for said pixel in said area of overlap weigh-ted by 
weighting factors selected on the basis of said 
preference data and said difference data. 

14 . Apparatus in accordance with claim 13 , wherein said 
means for generating image data is arranged to select 
weighting factors such that said weighted sum comprises 
a value corresponding to a weighted sum of said first and 
second items of image data for said pixel weighted in 
proportion to relative preferences identified by said 
preference data for said pixel if said difference data is 
below a threshold value. 

15. Apparatus in accordance with claim 14, wherein said 
means for generating image data is arranged to select 
weighting factors such that said weighted sum comprises 
a value corresponding to the preferred item of pixel 
image data as identified by said preference data if said 
difference data is above said threshold and said 
preference data is either greater than a first value or 
less than a second value, where in said first and second 
values are selected on the basis of said difference data. 

16. Apparatus in accordance with claim 15, wherein said 
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means for generating Image data is arranged to select 
weighting factors comprising weighting factors 
proportional to a product of said difference data and 
values proportional to the preferences identified by said 
preference data if said difference data is above said 
threshold value and said preference data is less than 
said first value and greater than said second value. 

17. Apparatus in accordance with claim 15 or claim 16, 
wherein said first and second values comprise values 
selected by said means for generating image data so that 
the difference between said values is proportional to 
said difference data. 

18. Apparatus in accordance with any of claims 13 to 17, 
further comprising means for calculating difference data 
indicative of the differences in pixel data between 
received pixel data from said first and second sets of 
pixel data each corresponding to said area of overlap. 

19. Apparatus in accordance with claim 18, wherein said 
means for receiving first and second sets of image data 
are arranged to receive colour pixel data and said means 
for calculating difference data is arranged to calculate 
the sum of the modulus of . differences between data 
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Iden-tifying values for different colour channels for said 
first: and second sets of pixel data. 

20. Apparatus in accordance with any of claims 13 to 19/ 
further comprising means for calculating data identifying 
a relative preference for utilizing pixel data from said 
first set of pixel data to generate composite image data. 

21. Apparatus in accordance with claim 20 ^ wherein said 
means for calculating preference data is arranged to 
calculate preference data where the relative preference 
for utilizing pixel data from said first set of pixel 
data corresponding to adjacent portions of an image are 
approximately equal. 

22. Apparatus in accordance with claim 20 or claim 21 ^ 
wherein said means for calculating preference data is 
adapted to calculate preference data on the basis of 
structural information about objects appearing in image 
data from difference image sources . 

23. Apparatus in accordance with claim 20 or cladLm 21, 
wherein said means for calculating preference data is 
arranged to calculate preference data for a pixel from 
said first set of pixel data on the basis of the relative 



position of the portion of an image represented by said 
pixel relative to the centre of said image. 



24. Apparatus in accordance with any of claims 12 to 23, 
further comprising means for determining average pixel 
data within said sets of pixel data corresponding to said 
areas of overlap and modifying means for modifying 
received pixel data corresponding to areas of overlap so 
that average pixel data for different sets of pixel data 
is equal to the determined average of all the sets of 
pixel data. 

25. A recording medium for storing computer 
implementable process steps for generating within a 
programmable computer in accordance with any of claims 13 
to 24. 



26. A recording medium for storing computer 
implementable process steps for causing a programmable 
computer to perform a method in accordance with any of 
claims 1 to 12. 



27. A recording medium in accordance with claim 25 
claim 26 comprising a computer disc. 
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28. A compulier disc in accordance with claim 27 
comprising an optical, magneto-optical or magnetic disc. 



29. A recording medium in accordance with claim 25 or 
claim 26 f coiqprising an electric signal transferred via 
the Internet. 

30. An apparatus for generating composite image data 
substantially as herein described with reference to the 
accompanying drawings. 

31. A method of generating composite image data 
substantially as herein described with reference to the 
accompanying drawings. 
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